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$K/k$ Galois $G=Ga\iota(K/k)$ Galois
$K/k$ $\{\alpha^{\sigma}|\sigma\in G\}$
$K$ $k$ \alpha $\in K$
$\mathfrak{O}_{K},$ $\mathfrak{O}_{k}$. $K,$ $k$ $\{\alpha^{\sigma}|\sigma\in G\}$ $\mathfrak{O}_{K}$ $\mathfrak{O}_{k}$
$\alpha\in \mathrm{J}\supset_{K}$ $K/k$
1.1 (cf. [36]). $K/k$ $K/k$ tamely
$P$ K/ $\mathbb{Z}_{P}$- $K/k$ Zp-
$K/k$ Galois Galois $Gal(K/k)$ $p$- $\mathbb{Z}_{p}$
$n$ $K/k$ $k$
$p^{\mathit{0}}$ 77 – $K/k$
$n_{0}$ $K/k_{n_{()}}$ – $P$
1.1 $n$ $k_{n}./k$
$\mathbb{Z}_{p}$- p-
1.2. $K/k$ Galois { $\alpha^{\sigma}|\sigma\in Gal$ ( $K/$ )} $\mathfrak{O}_{K}$ $\mathfrak{O}_{k}$.
$\alpha\in \mathfrak{O}_{K}$ $K/k$ p
1.3. $=$ $\langle$ $)$ $\subset k_{1}\subset\cdots\subset K$ $\mathbb{Z}_{P}$ - $n\geqq 0$ $k_{n}/k$
$P$ K/ p
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$\mathbb{Z}_{P}$- $K/k^{n}$ $P$-
Zp- p- Greenberg..
1.4 (cf. [25]). $k$ $I\iota_{1}’/k,$ $K_{2}/k$ $P$
$K_{1}\cap \mathrm{A}_{2}^{r}’=k$ $K_{1}/k,$ $R_{2}^{r}/k^{4}$ $p$ - $R_{1}’K_{2}/k$
$p$
1.5. $K_{1}/k$ . $I\iota_{2}’/k$ $K_{1}\cap \mathrm{A}_{2}’=k$ $\mathbb{Z}_{P}$ - $K_{1}/k,$ $\mathrm{A}_{2}’/k$
$P$ - $\mathrm{A}_{1}^{r}K_{2}/k$ $\mathbb{Z}_{P}$ $K/k$ p-
$q_{n}=\{$
$2^{n+2}$ if $p=2$ ,
$p^{n+1}$ if $p>3$ .
$\mathbb{Q},,$ , 1 $q,,$,- $\mathbb{Q}(\zeta_{q_{1}},)$ $[\mathbb{Q}_{n} : \mathbb{Q}]=p^{?\mathrm{t}}$
$\mathbb{Q}_{\infty}=\cup \mathbb{Q},,$. $\mathbb{Q}$ – $\mathbb{Z}_{p}$- $k$ $k_{\infty}=k\mathbb{Q}_{\infty}$
$k$ $\mathbb{Z}_{p}$- Zp-
1.6 (cf. [27]). $k$ $\mathbb{Z}_{P}$ - p-
Z $K/k$ p-
(cf. [30])
1.7 ( ). $F$ 2 $P$ $k^{n}=F(p)$ $F$ $7’\iota oclP$
7 $a^{f}y$ class fiell Zp- $K/F$ Kk/ p-
1.8 ( ). $L=F(mocfp^{n})$ $F$ mod $p^{n}$




$m\geqq 1$ 2 $\mathbb{C}$ $\Omega=\mathbb{Z}\tau_{1}+\mathbb{Z}\tau_{2}({\rm Im}(\tau_{1}/\tau_{2})>$





$r,$ $s,$ $N$ Siegel $g( \frac{\mathit{7}}{N}, \frac{s}{N})$
$g(_{\overline{N}}, \frac{\mathrm{o}}{N})(\prime z)=2\pi ie\pi jz/\mathrm{c}f(\frac{i}{N}, \frac{\mathrm{o}}{N}; Z, 1)\prod_{\nu=1}(1-e^{2\pi})^{2}i\mathrm{t}\text{ }z$
$\delta_{p}=$
$\tilde{g}(\frac{r}{p^{?n}},\frac{s}{p^{n\iota}})=g(\frac{r}{p^{m}},\frac{s}{p^{m}})\delta_{p}$
$\tilde{g}(\frac{7}{p^{\prime|}},, \frac{r;}{p’’’})$ level $P^{2\cdot\prime\prime\prime}$ $(u, 2p^{n1})=1$ $\sigma_{u}$ . $\in$
$G(\mathbb{Q}((_{2p^{t\prime}}‘ 1)/\mathbb{Q})$ $(_{2\}\iota}^{\sigma_{11}}p’$ =\mbox{\boldmath $\zeta$} ,7 $\tilde{g}$ $\infty$ $q$-expansion $\sigma_{\iota\iota}$
$\tilde{g}^{\sigma_{\mathrm{t}(}}$ $\det A=u$ $A=\in M_{2}(\mathbb{Z})$
$\mathrm{A}\equiv A’$ (mod $2p^{7\prime\prime}$ ) $A’=\in SL_{2}(\mathbb{Z})$
$\tilde{g}^{A}(z)=\tilde{g}^{\sigma}\iota’(,\frac{a_{11}’Z+a_{1}’2}{a_{21}z+a_{2}^{;}2})$
$\tilde{g}^{A}$ $F=\mathbb{Q}(\sqrt{-d})$ $d\equiv 1,2$ (mod 4)
$d\equiv 3$ (mod 4) $\omega_{1}=1,$ $\omega_{2}=-\sqrt{-d}$ $S_{m}=\{(\alpha)|$
$\alpha\in F,$ $\alpha\equiv 1$ (mod $p^{rr\mathfrak{l}}$ ) $\},$ $k_{m}=k((_{p^{\mathfrak{n}\mathrm{t}}}),$ $L’=F$ ( mod $p^{27?}$ ) 1\not\equiv
$G(L’/k_{2}, \})=<(\frac{L’/R^{F}}{(\alpha_{1})})>$ , $\alpha_{1}\overline{\alpha}_{1}\equiv 1$ $(\mathrm{m}\mathrm{o}\mathrm{d} p^{2n})$ , $\alpha_{2}\equiv 1+p$ $(\mathrm{m}\mathrm{o}\mathrm{d} p^{2\gamma 1})$








(i) $f_{rr},$. . :
(ii) $\infty$ q-expansion $\mathbb{Z}[\zeta_{p^{2?}}"]$
$\mathrm{q}$-expansion p-
$(\omega_{1}/\omega_{2})$ $P$- $A=\in SL_{2}(\mathbb{Z})$
$a_{12}\equiv a_{21}\equiv 0$ (mod $p^{m}$ ), $a_{11}\equiv a_{22}\equiv 1(\mathrm{m}\mathrm{o}\mathrm{d} p^{7r\iota})$
$\tilde{g}^{A}(\frac{r}{p^{r\gamma 1}}.’\frac{s}{p^{m}}.)=e^{\frac{b_{p}\pi i}{y\sim n\mathrm{t}}\mathrm{t}a}$”’$\tilde{g}12r^{2}+(a_{2\sim}-a_{11})rs-a21s^{2})(\frac{r}{p^{m}},\frac{s}{p^{n?}})$
$f_{\gamma\gamma}^{Bc}\iota.(\mathrm{y}_{1})/f7r’$ . 1 p;n $f_{m}^{B()^{p}}\alpha_{2}n1-1=f_{n\iota}$
$K^{\prime(m.)}$ $<( \frac{L’/K}{(\alpha_{1})})’;’\iota-1$ , $( \frac{L’/K}{(-\alpha\underline{\prime)})})>$ $L’/k$ $G(L’/\text{ })\tau Y|.=$
$<( \frac{L’/F}{\alpha_{1}}),$ $( \frac{L’/F}{\alpha\underline{\cdot)}})^{p}\prime l1-1>,$ $F(\mathrm{m}\mathrm{o}\mathrm{d} p^{m})=k_{m}\circ.KJ(m.)$
$0\cdot:\cdot..$ . .. .:..
: ., . : :.:
$f_{7n}.(\omega_{1}/\omega 2)^{(\frac{/_{\lrcorner}/\prime F}{\mathrm{o}_{1}}}.)=f_{m}^{B(\alpha\iota\rangle}(\omega 1/\omega_{2})$
$f_{m}( \omega_{1}/\omega 2)(\frac{L’/\Gamma}{\mathfrak{a}_{2}}$
.
$)p^{\prime\tau-}’ 1=f_{7\gamma}B\mathit{1}.(\alpha,)\sim p^{\gamma}’\iota-1(\omega_{1}/\omega 2)=f7n(\omega 1/\omega_{2})$
$1\leqq m\leqq n$ $f_{m}(\omega_{1}/\omega_{2})^{p^{n}}\mathrm{t}\in k_{m},$ $k_{7n}K’\langle n\iota+1$ ) $=\text{ _{}m}(f_{m}(\omega_{1}/\omega_{\underline{9}}))$
1.9 (cf. [26]). $k$ $P$ $K/k$ $P$
$p$ - $G(K/k)$ $\chi$ $Ke?\cdot\chi$ K/
$\nu_{\chi}=[k_{\chi} : k]$ . $e_{\chi}=[k_{\chi}((\mathit{1}\ovalbox{\tt\small REJECT}_{\backslash }) : k(\zeta_{l\ovalbox{\tt\small REJECT}_{\backslash }})]$ $\chi\neq 1$
$\text{ _{}\chi}((_{I\ovalbox{\tt\small REJECT}}\backslash )=k(\zeta_{\iota\ovalbox{\tt\small REJECT}}\backslash )(\epsilon\sqrt{\backslash u_{\chi}})$ p $u_{\chi}\in k(\zeta_{\iota\ovalbox{\tt\small REJECT}}\backslash )$ $K/k$
p-
$K^{J(_{7}.+1}’$ ) $/k$ $p$- 16 kn+l/ p-





2.1. $=k_{0}\subset k_{1}\subset\cdots\subset K$ $\mathbb{Z}_{P}$ - $P^{Cj_{1}}$’ $k_{n}$ p-





$\mu_{I},(K/\text{ })^{arrow},\lambda_{p}(K/\text{ }),$ $\nu_{p}(K/k)$ $\Lambda^{r}.-/k$ Zp-
$k_{\mathrm{x}}/k^{4}\text{ _{}\mu_{p}}(k)$ , $\lambda_{p}^{\mathrm{v}}(k),$ $\nu_{p}(\text{ })$ $k$
– $\mu_{p}(K/k)$ – $0$ $\mu_{p}(k)$ $0$









(k p- ) minus part
p- L-
plus part P- L- Bernoulli
Greenberg
Mazur Wiles
(cf. [3], [17], [19])
Greenberg (cf. [18], [2]) $k$ 2
(cf. [8], [11], [13], [15])






2.4 (Kersten-Michalicek, $[28]\rangle$ . $P$ $k^{4}+$ $P$ - $\mathbb{Q}(\zeta_{p}.)$
$h(k^{+})$ $k^{4}+$
$p \int h(k^{+})\Leftrightarrow\lambda_{p}(\text{ ^{}+})=0$ $k$ $\mathbb{Z}_{p}$ - p
$\Leftarrow$
2.5 ([28]). n. $=\mathbb{Q}(\zeta_{p^{\prime \mathrm{t}}})$ $P$ - $A_{7l}$ $\iota_{0,n0}$; $karrow k_{n}$
$k$ $\mathbb{Z}_{P}$ - p
$\Leftrightarrow$ $n\geqq 0$ $\iota_{0,n}$ : $A_{0}arrow A_{n}$
$\rho$
$A_{n}$ $A_{n}^{-}=A_{n}^{1-p},$ $A_{\mathrm{n}}^{+}=A_{n}^{1+\rho}$
$A_{n}=A_{n}^{-}\oplus A_{n}^{+}$ $\iota_{0,n}$ : $A^{-}0-arrow A_{n}^{-}$ (cf. [23])
2.5 $\iota_{0,n}$ : $A_{0}+arrow A_{n}^{+}$ $\circ$ n.
$P$ –
2.6.
$n\geqq 0$ $\iota_{0,n}$ : $A_{0}arrow A_{n}$
$\Leftrightarrow$ $n\geqq m\geqq 0$ $\iota_{m,n}$ : $A_{m}arrow A_{n}$
2.4 $\Leftarrow$ .
$\mathbb{Z}_{P}$- $P$- $A_{0}^{+}\neq 1\text{ }\lambda_{p}(k^{+})\neq \mathit{0}$
$n\geqq 0$ $N_{n+1,n}$ : $A_{n.+1}^{+}arrow A_{n}^{+}$
$A_{7?}^{+}$
.
$\neq 1$ 25 26 $n\geqq 0$ $i_{n.,n+1}$ :
$\mathrm{A}_{\tau\iota}^{+}-arrow A_{n+1}^{+}$ $i_{n,n+1}(A_{n}^{+})=A_{n.+1}^{+}$ $I\in A_{n}^{+}$
$N_{n.+1,n}(I^{J})=I$ $I’\in A^{+},.l\cdot+1$ 7’+1 $(J)=I’$
$J\in A_{r}^{+},$
. $I=N_{n+1.n}.(IJ)=N_{n+1,n}(in,n+1(J))=N_{n+1,n}(J)=Jp$
$-A_{n}^{+}.=(A_{n}^{+})^{p}$ $A_{n}^{+}\neq 1$ $i_{n.n+1}(A_{n}+)_{\neq}\subset An+1+$
$|A_{n}^{+}|<|A_{n+1}^{+}|_{0}$ $|A_{n}^{+}.|$ $n\geqq 0$
$|A_{n}^{+}|=p^{\mu_{p}(k^{+}}\backslash )p^{\mathrm{n}}+\lambda_{p}(k+)n.+\nu_{p}\mathrm{t}k^{+}.)$
. $\cdot.$ ’
[4] $\mu_{p}(k^{+})--\mathit{0}$ $\lambda_{p}(k^{+})\neq \mathit{0}$
$\Rightarrow$ –
2.7 ( - , [26]). $P$ $k$ $(_{P}$ $P$ $k^{+}/\mathbb{Q}$
$p\parallel h(k^{+})\Rightarrow\lambda_{p}(\text{ ^{}+})=0$ $k$ $\mathbb{Z}_{p}$ - p-
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Greenberg
$P$ $F$ 2 $K$ $F$ Zp-
$X=G(K/F)$ [1], [24] $X\simeq \mathbb{Z}_{P}\cross \mathbb{Z}_{P}$ $\rho$
$X$ $X=X^{1-\rho}\oplus X^{1+\rho}$ $X^{1-\rho},$ $X^{1+/y}$
$K/F$ $F_{\infty}$ , $F_{\infty}^{-}$ $F_{\infty},$ $F_{\infty}^{-}$ $\mathbb{Q}$
$F$ $\mathbb{Z}_{P}$ - $F_{0\mathrm{C}}$ $F$ $\mathbb{Z}_{P}$- $F_{\mathrm{x}}^{-}$ $F$ Zp-
$k=F((_{I})),$ $\triangle=G(k/F)$ $\omega$ : $\triangle-arrow \mathbb{Z}_{p}^{\cross}$ Teichm\"uller
$e_{i}= \frac{1}{|\triangle|}\sum_{g\in\triangle}\omega(g)\dot{\tau.}g-1\in \mathbb{Z}_{p}[\triangle]$
2.8 ([12]). $p,$ $F,$ $k$ $A^{+}$ $k^{+}$ p-
$p$ $F/\mathbb{Q}$ $(A^{+})^{c\mathrm{l}}\neq 1$ $\lambda_{p}(k^{+})=0$
$F_{\infty}^{-}/F$ p
$p=3$ Greenberg $D$
$k=\mathbb{Q}(\sqrt{d})$ 2 $k^{-}=\mathbb{Q}(\sqrt{-3d})$ Z3-
$k_{\mathrm{x})}/k$ $k_{7},$. 3- $A_{n}$ [4] $\mu_{3}(k)=^{\mathrm{o}}$
Greenberg
2.9 (Greenberg). 3 $k$
$\lambda_{3}(k)=0\Leftrightarrow$ $n\geqq 0$ $A_{0}arrow A_{n}$ . $\mathit{0}- 7’\iota c\iota \mathit{1}^{J}$
2.10 (Kersten, Michali\v{c}ek, Fleckinger, Nguyen Quang Do, , ).
3 $kk^{-}$
$\mathbb{Z}_{3}$ $k_{\infty}^{-}/k^{-}$ 3
$\Leftrightarrow$ $n\geqq 0$ $A_{0}arrow A_{\tau\iota}$
29 2.10 Greenberg




[9] $k$ 2 $p$ $\mathbb{Q}=\mathbb{Q}_{0}\subset$
$\mathbb{Q}_{1}\subset\cdots\subset \mathbb{Q}_{\infty},$ $k=k_{0}\subset k_{1}\subset\cdots\subseteq k_{\infty}$ $\mathbb{Z}_{P}$- $k_{n}$. $=k\mathbb{Q}_{7}$ ,
$E(\text{ _{}\mathrm{y}\mathit{1}})$ $k,$ , $A_{n}$. 77 p-
3.1. $E_{??.R}=\{\epsilon\in E(k_{7},)|N_{k_{Yl}}/\mathbb{Q}\}\tau(\epsilon)=\pm 1,$ $N_{k_{r\iota}/\mathbb{Q}t1}(\epsilon)=\pm 1\}$ $k_{n}$.
$E_{n.R}$ free rank $\text{ _{}p^{7l}-}1$ $E(k_{7l})$ Minkowski
$E_{7\mathrm{t},R}$
3.2. $\epsilon\in E_{n.\cdot R}$ $(E_{n.R} :<\epsilon^{\sigma}|\sigma\in G(k_{7?}./\mathbb{Q})>)<\infty$
$G(k_{n}/\mathbb{Q})$ $\sigma$ $\epsilon\in E(k_{n})$ $e_{?}\cdot$.
$=e^{\sigma^{i}}$
$r=p^{7}-\prime 1$
3.3. $\epsilon\in E_{r1.R}$. $\epsilon_{r}=\pm(\epsilon_{1}\epsilon_{37-}\ldots \mathit{6}\cdot 1)(\epsilon_{0}\epsilon_{22}\ldots\epsilon’.-)-1$





3.5. $n\geqq 0$ $|V_{n}.|=p^{n}$ $r(V_{\mathit{7}l}.)$
$V_{7?}$. $E_{7\downarrow.R}$
Greenberg $0$
3.6. $V_{\tau},$. $\Leftrightarrow E_{n..R}$. p-
3.7. $P$ $k$
$n\geqq 0$ $V_{7l}$ $\Leftrightarrow$ $n\geqq 0$ $A_{0}-arrow A_{n}$ .
119
$p=3$ , $=\mathbb{Q}(\sqrt{257})$ $V_{1}$ 3 $A_{0}arrow A_{1}$
“ ”
3.8. 3 $k$ -
(1) $\mathbb{Z}_{3}$ - $k_{\infty}^{-}/k^{-}$ 3-
(2) $n\geqq 0$ $A_{0}-arrow A_{n}$ .
(3) $n\geqq 0$ $E_{n,R}$ 3-
(4) $n\geqq 0$ V?
4. EXAMPLE
$p=3$ $k$ 2
1. $=\mathbb{Q}(\sqrt{2})$ 3 $\chi_{h}(kn)$ $\lambda_{3}(k^{4})=0$ 38
$k_{0\mathrm{C}}^{-}/$ - 3-
2. $k=\mathbb{Q}(\sqrt{254})$ $A_{0}\simeq \mathbb{Z}/3\mathbb{Z}$ $A_{0}arrow A_{3}$
$A_{0}-arrow A_{4}$ Kraft, Scooh, , ,
$A_{0}-arrow A_{\mathrm{o}}$ $0$-map $\lambda_{3}(k)=0$ $k_{\infty}^{-}/k^{-}$
3-
3. $k=\mathbb{Q}(\sqrt{1937})$ $A0\simeq \mathbb{Z}/3\mathbb{Z}$ $V_{2}\simeq \mathbb{Z}/3\mathbb{Z}\cross \mathbb{Z}/3\mathbb{Z}$
$A_{0}arrow A_{2}$ $0$-map 29
$\lambda_{3}.(k\mathrm{I}=0$ $k_{\infty}^{-}/k^{-}$ 3-
4. $k=\mathbb{Q}(\sqrt{3209})$ $A_{0}\simeq \mathbb{Z}/3\mathbb{Z}\cross \mathbb{Z}/3\mathbb{Z}$ $|\mathrm{K}\mathrm{e}\mathrm{r}(A_{0}-arrow A_{1})|=3$
$k_{\infty}^{-}/k^{-}$ 3- $|\mathrm{K}\mathrm{e}\mathrm{r}(A_{0}-arrow A_{2})|=9$
$\lambda_{3}(k^{n})=0$ $A_{0}$ $\lambda_{3}(k)=0$
3 [16]
{ 5. $=\mathbb{Q}(\sqrt{53678})$ $A_{0}\simeq \mathbb{Z}/3\mathbb{Z}\cross \mathbb{Z}/3\mathbb{Z}$ $|\mathrm{K}\mathrm{e}\mathrm{r}(A_{0}arrow A_{1})|=$
$1,$ $|\mathrm{K}\mathrm{e}\mathrm{r}(A_{0}-arrow A_{2})|=3$ k\infty -/ 3-
$\lambda_{3}(k)=\mathit{0}$
. $k=\mathbb{Q}(\sqrt{53678})$ 1995 11 1 $\lambda_{3}(k)=0$
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